Abstract. Salivary duct carcinoma (SDC) is a relatively rare highly aggressive salivary gland tumor. Although SDC shows frequent lymph node and distant metastases, the presence of neoplastic cells in the pleural effusion is extremely rare. In this report, we describe the first documented cytological case of metastatic SDC in cardiac and pleural effusions with immunocytochemical analyses for androgen receptor (AR) and human epidermal growth factor receptor (HER)2. A 52-year-old Japanese male developed cardiac tamponade and respiratory discomfort after surgery and chemo-radiation therapy for SDC of the right submandibular gland. Aspiration of the cardiac and pleural effusions was performed. The Papanicolaou-stained cytological specimens of cardiac and pleural effusions showed that numerous small ball-like or papillary structures were present in an inflammatory background. The neoplastic cells had rich granular cytoplasm and large round to oval nuclei containing conspicuous nucleoli. Immunocytochemical analyses clearly demonstrated positivity for AR and strong membranous expression of HER2 in the neoplastic cells. Accordingly, a cytodiagnosis of metastatic SDC was made. Recently, HER2-targeted or AR deprivation therapy have been introduced for patients with SDC, therefore, determination of expression profiles of AR and HER2 may be crucial for developing a treatment strategy for patients with metastatic SDC. According to the results of the present report, immunocytochemical analyses for AR and HER2 in the effusion specimens may be useful for determination of a treatment strategy for patients with metastatic SDC.
Introduction
Salivary duct carcinoma (SDC) is a relatively rare highly aggressive tumor, accounting for approximately 10% of all salivary gland malignancies (1) . This type of tumor is characterized histopathologically by proliferation of neoplastic cells containing large round to oval nuclei with conspicuous nucleoli and rich eosinophilic cytoplasm, occasionally accompanied by comedonecrosis, which resembles high-grade breast carcinoma (1) . The immunohistochemical characteristics of SDC include overexpression of human epidermal growth factor receptor (HER) 2 and positivity for androgen receptor (AR) (1, 2) .
Although SDC shows a high frequency of lymph node metastases and distant metastases including in the lung, liver, brain, and bone (1) , metastasis in the pleural effusion is extremely rare (3) (4) (5) .
In this report, we describe the first documented cytological case of metastatic SDC in the cardiac and pleural effusion with immunocytochemical analyses for AR and HER2.
Case report
A 50-year-old Japanese male underwent surgery for a right submandibular gland tumor, which was diagnosed as SDC, and chemo-radiation therapy was added. At the age of 52, he was found to have nodules in the bilateral lungs, and subsequently cardiac tamponade and respiratory discomfort developed due to cardiac and pleural effusions. Aspiration of the cardiac and pleural effusions was performed. He has been followed-up at our hospital until now, and is alive with disease (brain metastasis) 4 months after development of cardiac tamponade. No resection of the lung nodules and brain metastasis was performed. The present patient has not been received HER2-targeted or AR deprivation therapy yet. The study was approved by the institutional review board of our hospital (approval no. 2016646), and we obtained patient consent according to our hospital policy.
Specimens of the cardiac and pleural effusions were stained with Papanicolaou stain. Formalin-fixed and paraffin-embedded specimens of the resected submandibular In this report, immunohistochemical and immunocytochemical analyses were performed using an autostainer (XT System Benchmark, Roche Diagnostics, Basel, Switzerland). The primary antibodies used in this report were a rabbit monoclonal antibody against AR (SP107, Roche Diagnostics) and a rabbit monoclonal antibody against HER2 (4B5, Roche Diagnostics).
Cytological findings of the cardiac and pleural effusions.
The cytological specimens of the cardiac and pleural effusions showed the same features. The Papanicolaou smears demonstrated numerous small ball-like or papillary clusters in an inflammatory background (Fig. 1A ). These neoplastic cells had large round to oval nuclei with conspicuous nucleoli and coarse chromatin, and relatively rich granular cytoplasm (Fig. 1B) .
Immunocytochemical findings. AR was diffusely expressed in the nuclei of the neoplastic cells ( Fig. 2A) . Strong membranous expression of HER2 was noted in the tumor cells (Fig. 2B ).
Accordingly, a cytodiagnosis of metastatic SDC in the cardiac and pleural effusions was made with consideration of the clinical history.
Histopathological findings of the submandibular gland tumor.
The resected specimen showed infiltrative neoplastic growth composed of variable-sized nests or irregular glandular formation with invasion into the fatty tissue and nerve bundles surrounding the submandibular gland (Fig. 3A) . The neoplastic cells had rich eosinophilic cytoplasm and large round to oval nuclei with conspicuous nucleoli (Fig. 3B) . Mitotic figures were easily found, and comedonecrosis was also noted. Metastatic carcinoma was present in the right level III, IV, and V lymph nodes (10/45).
Immunohistochemical findings. The neoplastic cells diffusely expressed for AR (Fig. 4A) . Strong membranous expression of HER2 was noted in the neoplastic cells (Fig. 4B) . Accordingly, a final diagnosis of SDC was made.
Discussion
In this article, we describe the first documented case of metastatic SDC in cardiac and pleural effusions. Although SDC shows an aggressive clinical course and lung metastasis occasionally occurs, the presence of carcinoma cells of SDC in the pleural effusion is extremely rare. It is very important to detect the carcinoma cells in cardiac and pleural effusions because of staging and therapeutic strategy for patients. Presence of cardiac effusion is clinically important because cardiac tamponade can be developed, as seen in the present patient. Only three cytological cases of pleural effusion have been reported in the literature (3) (4) (5) , and no cytological report of SDC in cardiac effusion has been published. Table I summarizes the clinicocytological features of the previously reported cases as well as the present one. The characteristic cytological features of fine-needle aspiration of SDC of the salivary gland are as follows: i) Presence of three-dimensional clusters, flat sheets, cribriform glands, or dissociated neoplastic cells in a necrotic background; and ii) large polygonal to spindle-shaped neoplastic cells with rich and finely granular (apocrine-like) cytoplasm and large round to oval nuclei containing coarse chromatin and conspicuous nucleoli (6, 7) . Although the cytological features of the pleural and cardiac effusions of the previously reported cases and the present case were fundamentally the same as the above-mentioned cytological features, the presence of ball-like neoplastic cell clusters (and papillary clusters) may be a characteristic feature of the neoplastic cells present in the pleural and cardiac effusions (Table I) . Murata et al pointed out that other histological subtypes of salivary gland carcinoma can present ball-like clusters in the pleural effusion (5) . Therefore, recognition of this finding may be important for making differential diagnoses of metastatic carcinoma present in the pleural and cardiac effusions.
The most common type of malignant cells present in the pleural effusion is adenocarcinoma, and the most common original sites are breast and lung (8) . Development of pleural metastasis of salivary gland carcinoma is extremely rare, and only a few cases of adenoid cystic carcinoma (9,10), mucoepidermoid carcinoma (11) , and myoepithelial carcinoma (12) as well as SDC (3-5) have been reported. Therefore, metastatic SDC in the pleural effusion must be differentiated from metastatic breast carcinoma because SDC resembles high-grade breast carcinoma. Expression of AR is a characteristic finding of SDC (2), which was useful for making the cytodiagnosis of metastatic SDC in the present case. However, approximately 70% of breast cancer shows positive immunoreactivity for AR (13) . Therefore, cytomorphological and immunocytochemical features as well as consideration of clinical history are important for making a correct diagnosis.
It is well recognized that overexpression of HER2 is occasionally observed in SDC (2). Murata et al demonstrated overexpression of HER2 and HER3 in metastatic SDC using a cytological specimen of the pleural effusion (5). Our presented case also clearly demonstrated AR and HER2 expression in SDC using the cytological specimens of the cardiac and pleural effusions. Recently, some classifications of molecular subtypes of SDC have been proposed according to that of breast carcinoma. Di Palma et al proposed molecular subgroups of SDC according to the immunoprofiles of HER2, AR, epidermal growth factor receptor, and keratin 5/6: Namely, luminal androgen receptor-positive, HER2, and basal-like subtypes (14) . Takase et al proposed molecular subgroups of SDC: Namely, apocrine A (AR + /HER2 -/Ki-67 low), , and double negative subtypes (2) . Moreover, HER2-targeted therapy or AR deprivation therapy have been introduced for patients with SDC (15, 16) . Although the present patient has not been received HER2-targeted or AR deprivation therapy, the determination of the above-mentioned molecular subtypes may be crucial for developing a treatment strategy for patients with SDC. According to the results in the present report, immunocytochemical analyses for AR and HER2 in the effusion specimens may be useful for determination of the treatment strategy in patients with metastatic SDC, especially in the patients who are not performed biopsy or resection of the metastatic tumor, as the present patient. 
